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For a vertical profile with three distinct layers (marine boundary, pollution and dust), 
observed during the ACE-Asia campaign, we carried out a comparison between the 
modeled lidar ratio vertical profile and that obtained from collocated airborne NASA 
AATS-14 sunphotometer and shipbome Micro-Pulse Lidar (MPL) measurements. 
Vertically resolved lidar ratio was calculated from two size distribution vertical profiles - 
one obtained by inversion of sunphotometer-derived extinction spectra, and one 
measured in-situ - combined with the same refractive index model based on aerosol 
chemical composition. The aerosol model implies single scattering albedos of 0.78 - 0.81 
and 0.93 - 0.96 at 0.523 pm (the wavelength of the lidar measurements), in the pollution 
and dust layers, respectively. The lidar ratios calculated from the two size distribution 
profiles have close values in the dust layer; they are however, significantly lower than the 
lidar ratios derived from combined lidar and sunphotometer measurements, most 
probably due to the use of a simple nonspherical model with a single particle shape in our 
calculations. In the pollution layer, the two size distribution profiles yield generally 
different lidar ratios. The retrieved size distributions yield a lidar ratio which is in better 
agreement with that derived from lidar/sunphotometer measurements in this layer, with 
still large differences at certain altitudes (the largest relative difference was 46%). We 
explain these differences by non-uniqueness of the result of the size distribution retrieval 
and lack of information on vertical variability of particle refractive index. Radiative 
transfer calculations for this profile showed significant atmospheric radiative forcing, 
which occurred mainly in the pollution layer. We demonstrate that if the extinction 
profile is known then information on the vertical structure of absorption and asymmetry 
parameter is not significant for estimating forcing at TOA and the surface, while it is of 
importance for estimating vertical profiles of radiative forcing and heating rates. 
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Lidar ratio can also be estimated from aerosol size distributions (measured in-situ, or retrieved 



between the lidar-derived and sunphotometea’-derived vertical profiles of aerosol extinction. 


measurements. In addition, the aerosol model based on retrieved aerosol size distributions was The Micro-Pulse Lidar (MPL) [Spinhime et ai, 1995] is a single channel lidar, 

used to estimate the aerosol radiaUve effects. Due to the high sensiUvity of the lidar ratio to operating at wavelength 0.523 pm. During the ACE-Asia campaign, it performed 

oarticle size distribution and both the real and imaginary parts of the particle refractive index, measurements aboard the NOAA ship RA^ Ronald H. Brown, and its signal was analyzed for 



collected samples were analyzed for metallic elements, and water-soluble anionic species, 




oblate spheroids. For this purpose, the T-inatrix algorithm [Mishchenko and Travis, 1998] was effective radius, and X is the wavelength) is larger than about 1.0; in the case studied here the 





The vertically resolved lidar ratio implied by the extinction profile [Schmid et ai, 2003] aspect ratio (the largest difference was 43%). Furthermore, Kalashnikova and Sokolik [2002; 

is also shown in Figure 1 , for comparison with the modeled values. The implied lidar ratio has 2004] showed that the scattering phase function of sharp-edge particles, identified in 

large values in the boundary layer (larger than 50 Jrin a significant part of the layer), whereas 


model, such as the spheroidal model. 



The bimodal lognormal size distributiraj function is defined as: all cases, the solutions were grouped around a single combination of paramctCT values. 


These size distributions exhibit wide coarse mode, since the large particles need to be included and the inched lidar ratio (10%) was obtained close to the altitude of 1.38 km, at which the 



difference between the downwelling and upwelling irradiances) at a certain altitude, caused by 



the spectrum. Therefore, it is necessary to discuss the effect of its spectral dependence in the 



Ihicknesses. Note that the size-resolved refractive indices determined by Wang « al. (2002) on dependence for smaU and large particles. The wavelength dependence of refractive index 

the basis of the aerosol chemical analysis, and used in previous calculations of aerosol optical humidity, and the C»>AC database provides refractive index values at a 

properties in this paper, are wavelength-independent and representative of the vi.sible part of humidities. The values used in this work are based on the average relative 



humidities for the layers studied, found to be 55%, 63% and 49% in the boundary, pollution wavelength, derived from the sunphotoineter measurements [Schmid et n/., 2003]. In this way. 



layer, g is the asyimnetry parameter, and the wavelengths and X 2 define the wavelength band. 



dependence) show negligible difference in the first three spectral bands (wavelengths below large absorption in the pollution layer; 85% of the total change of the aerosol radiative forcing 



While the value at TOA is very close to the values obtained by Redemann et al. {2000bl for wavelength-dependent single scattering albedo which reproduces aerosol layer fractional 


single scattering albedo calculated here for the poUution layer. Quinn et al. [2004] obtained difference between the forcings at the TOA and the surface is smaller than in the previous case 

single scattering albedo values of 0.90 - 0.94 for polluted regions at 55% RH, from in-situ " (of smaller single scattering albedo), due to less absoipUon in this case. 
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considered, some studies on aerosol direct radiative effect are based on the assumption of 


total aerosol column were deflned as follows: 5. Conclusion 



average value of 0.86 in the first band) than in the previous calculations (1.0 and 0.94 for the measurements (the ‘inched’ lidar ratio), calculated by Schmid ei aL {2003], and also compared 


lidar [Sakai et ai, 2002; Liu et al, 2002], are probably a result of using a single shape Acknowledgements 
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in order to accurately estimate the vertical profiles of forcing and healing rates. ^ ^ ^ ^ ^ ^ ^ P 
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functions R. 



Figure 3. (top) Comparison of size distribution retrieved from the sunphotometer-derived 
exanction spectrum at the altitude of 2,93 km, with the in-situ measured distribution at the 
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(bottom) Corresponding extinction and backscattering contribution functions. 










Figure 5. Comparison of size distributions, derived using LUT and constrained linear inversion 
methods from the s unphotometer-derived extinction and corresponding extinction spectra at the 






iction is the same as in the layered case. 




